Does trade affect the equilibrium rate of unemployment? To theoretically examine this question, we incorporate firm-union bargaining considerations into a model with a booming external sector and a stagnating manufacturing sector. In the model, a sustained improvement in the terms of trade lowers unemployment. To empirically investigate the predicted determinants of the unemployment rate, we use data for Australia, a country whose prosperity has always depended on the value of its exports. We find strong evidence that higher export prices, capital accumulation in tradeable goods industries and a lower unemployment benefit replacement rate each reduce the equilibrium unemployment rate.
Introduction
Understanding the way in which external economic conditions and globalisation affect domestic labour markets has been a major research endeavour for economists for decades. More recently, the slow pace of recovery from the effects of the Global Financial Crisis (GFC) has further stimulated research on how trade affects unemployment. Two years after the onset of the Crisis, the rate of unemployment in many OECD countries remains stubbornly high. Those countries with more resilient economies seem to be those which are "exporting their way to recovery". In particular, the resilience seems to have a lot to do with high trade exposure to a robust Chinese economy.
As a small open economy, Australian prosperity has long depended on the strength of its exports. After peaking at over ten per cent in 1993, Australia's unemployment rate steadily fell until the onset of the GFC. The drop in the unemployment rate was particularly sharp during the years of Australia's mining boom. During the 2007 election campaign, the then (Coalition) government claimed that the falling unemployment rate was due to its superior economic management and deregulation of the labour market. The then (Labor) Opposition claimed that the good news on the unemployment front was primarily due to the booming demand for mining resources (and certainly not to any labour market reforms). It seems that being in government changes one's perspective. In response to the threat posed by the GFC, the Labor government embarked on a massive fiscal spending programme. Unemployment increased during the GFC, but only moderately. Compared to many of its OECD counterparts, Australia escaped relatively unscathed. Labor has been quick to claim credit for its stimulus spending. The Coalition opposition now argues that the strength of the Chinese economy has been the key.
This paper examines how a country's unemployment rate is affected by the demand for its exports. We use a specific factors model to examine the effect of changing terms of trade on the unemployment rate. This model of a small open economy has a perfectly (domestically) mobile factor and an immobile factor. Assuming the former to be labour implies that wages are equalised across sectors of the economy. Unemployment is generated in our model due to union-firm bargaining. Incorporating bargaining considerations into a specific factors model helps identify the effects of increases in the terms of trade as well as the capital stock in the export sector on the unemployment rate. In the model, these factors raise workers' wages (i.e., in all sectors of the economy) but, as we shall see, they also lower equilibrium unemployment. The theory is in the mould of models by Davidson et al. (1999) , Hoon (2001a Hoon ( , 2001b , Kee and Hoon (2005) , Moore and Ranjan (2005) and Helpman and Itskhoki (2010) . These papers incorporate equilibrium unemployment into general equilibrium trade models to show how the unemployment rate is affected by international factors, including the terms of trade. 1 1 The review of trade and labour markets by Davidson and Matusz (2010) discusses how a variety of labour market frictions are introduced into general equilibrium settings to generate unemployment. The prominent approaches are: implicit contract models, efficiency wage models, bargaining models and search or matching models. These models yield a wide variety of relationships between relative commodity prices and relative factor prices and between trade and unemployment. Unfortunately, the profusion of models has not yielded a clear picture as to whether greater trade openness is beneficial or detrimental to the equilibrium rate of unemployment. Moore and Ranjan (2005) show that increased trade with developing countries, as manifested by higher relative prices for skill-intensive goods, raises both unemployment and income inequality. In the case of Australia, exports are not skill-intensive and this may explain why higher terms of trade have lead to less income inequality (see Gaston and Rajaguru, 2009) . One explanation for this finding is based on the fact that improved terms of trade raise producer prices (PPI) more than consumer prices (CPI) (see EEAG, 2008, p.86) . If employment is determined by the real product wage (the nominal wage deflated by the PPI), then employment and nominal wages increase with improved terms of trade. We build on this insight by examining external trading conditions and the differential development of key sectors of the economy.
Our paper is also related to the substantial 'Dutch disease' literature. In particular, Cordon and Neary (1982) model the co-existence of a booming export sector and a declining or lagging import sector (taken to be manufacturing industry for most developed economies).
Here the traditional concern is that de-industrialisation occurs due to the loss of mobile factors of production to the booming sector. In this paper, we present a two-sector model, which seems to be the approach adopted in the most recent literature, as well as a three-sector model, more in keeping with the older Dutch disease literature.
According to Davidson and Matusz (2010) , the empirical evidence on how trade affects the unemployment rate is virtually non-existent. In addition, what little empirical research does exist has contradictory findings. This paper aims to at least partially address this deficiency. Our empirical contribution is to estimate the effect of trade on unemployment using both reduced form and structural approaches. We use data for Australia for the period 1960-2008. The estimates provide strong evidence that rising demand for exports and higher terms of trade reduce the unemployment rate. Capital accumulation in tradeable goods industries also reduces unemployment. Among the factors found to worsen unemployment are higher rates of unionisation and the unemployment benefit replacement rate. In the next section, we outline the theory. Section 3 discusses the data, the econometric methodology and presents the model estimates. The last section concludes.
2.
Theory of an economy with a booming export sector 2.1. The basic two-sector model. Assume that there are two-sectors, X and Y. The factors of production are labour and capital, L and K. X is assumed to be the export sector and Y is the import-competing sector. We assume that there are a large number of firms in both sectors of the economy and that bargaining takes place with firm-level unions. Nevertheless, workers are free to move between the sectors. On the other hand, capital is assumed to be sector-specific, we denote this fact by using an overscore, i.e., X K and Y K .
The production function of a firm in sector X is ) , ( 
where w is the wage and r is the price of capital. Note that good Y is the numeraire and that the price of good Y is normalised to one; hereafter p is referred to as the terms of trade.
We consider an industry in which there is no strategic interaction between firms. Another critical assumption is that the industry market structure generates rents that are shared between firms and unions. In the following, we consider the case of a representative firm in sector X which bargains with a firm-level union over wage-employment contracts. If bargaining is efficient, the choice from the set of efficient contracts is the one that maximises the Nash product, i.e., 2
where U(.) is the union's utility function and U denotes the disagreement point for the union. (The subscript on l is dropped). The parameter ) 1 , 0 ( ∈ ϕ indexes collective bargaining strength.
We assume that the solution lies in the interior of the choice set and that S is strictly concave so that the solution is unique and may be characterised by the first-order conditions. Suppressing arguments and using subscripts to denote partial derivatives, the equation for the contract curve, which equates the slope of the union's indifference curve and the firm's iso-profit curve is
Further headway is made by investigating the implications of some commonly considered functional forms for union preferences. Consider the popular specification used by McDonald and Solow (1981) . Here the union comprises m homogeneous workers, each endowed with one unit of labour time. Prior to actual wage and employment negotiations, a worker's expected utility is given by
where U(.) is increasing and concave, w is the wage rate if employed and the reservation alternative is denoted by ω, i.e., the union's disagreement payoff is
An obvious implication of equation (4) is that if all union members are employed (i.e., m l ≥ ), then a union representing inside workers becomes completely 'wage-oriented' when it negotiates with the firm. Specifically, unlike the case in which m is so high that all workers have a probability of being unemployed equal to m l m ) ( − , when m is low so that all union members are employed, the union is completely wage-oriented and maximises mU(w). We consider this particular case in part A of the Appendix.
and labour is hired until its marginal revenue product equals the reservation wage. It is straightforward to show that the negotiated wage equals
. The impact of higher reservation wages shifts the threat point in the union's favour, raising their welfare and lowering the firm's. Equation (6) can be rewritten as
where 0 > = π π ηl l is the elasticity of 'net profit'. 3 Most importantly, the negotiated wage is higher than the reservation wage. In fact, regardless of whether bargaining is efficient, or whether unions negotiate over wages alone, the wage is simply a multiple of the reservation wage. 4 That is,
The crucial issue is what determines the reservation wage. Blanchflower et al. (1996, p.243) argue that it can be thought of as a function:
, where o w is the going wage in the other sector(s) of the economy, B ) ( o w < is the level of income when unemployed (e.g., publicly-provided unemployment benefits) and u is the unemployment rate of the type of worker employed by the firm. According to Nickell and Layard (1999, pp.3048-9) , a reasonable case to consider is
That is, the reservation wage depends on the wage that can be earned at other firms and the unemployment benefit. These amounts are weighted by the probability of remaining unemployed and the probability of finding another job. Without any worker heterogeneity, these are the economy-wide probabilities of unemployment and employment, respectively.
, with L the total supply of labour and L the total demand for labour in sectors X and Y.
2.2. The wage-setting curve. At a micro level, u is regarded as exogenous by the worker (and his union). Given that firms within each sector are identical and that every firm-specific union has the same objective function, the equilibrium of this economy entails w w w
Therefore, in equilibrium, the aggregate wage-setting curve (WSC) of the economy is obtained by combining (8) and (9), i.e., 3 Combining the first-order conditions yields:
and noting that ω π = l yields equation (7). Second-order conditions require η < 1.
where
. Equation (10) implies that the wage and the unemployment rate are inversely related and that the wage and total labour demand are positively related. In effect, the WSC replaces the perfectly inelastic labour supply schedule; an increase in labour demand leads to higher wages and employment, with a fall in the equilibrium rate of unemployment. 5 2.3. The equilibrium unemployment rate. The aggregate labour demand curve is derived as the horizontal summation of the sectoral labour demand curves. The equilibrium wage, labour demand and unemployment are determined by the interaction of the WSC and aggregate labour demand. The relevant results are collected in the following Proposition. Proof: See part B of the Appendix.
As long as we are willing to countenance the WSC construct, none of these results seem particularly surprising. 6 The main result from our viewpoint is that higher terms of trade reduce unemployment. We now turn to the three-sector model in order to see whether this or any of the other key results are affected when a non-tradeables or services sector is explicitly introduced.
The three-sector model and Dutch disease.
There is a large literature studying the effects of a booming sector on the rest of the domestic economy. A traditional concern has been the possibility of deindustrialisation, whereby a booming sector draws factors from a lagging sector, usually thought to be the manufacturing industry. This phenomenon for some countries is referred to as the "resource curse" (e.g., Mehlum et al., 2006) , but is more generally referred to as "Dutch disease" (see Cordon and Neary, 1982 and Cordon, 1984) . For obvious reasons, the phenomenon has been long-studied in Australia (e.g., Gregory, 1976 and Snape, 1977) . In more recent times, within policy circles there is a concern that Australia is developing a "two speed economy", with a rapidly advancing sector (mining) and another sector under severe competitive pressure from import competition (manufacturing). While surging raw materials prices are an undoubted windfall for Australia, the dependence on low value-added products and the non-diversification of the economy's industrial structure are viewed as potentially problematic in some quarters.
The extension of the model to three sectors is relatively straightforward. 7 Assume that there are three sectors -X, Y and N -respectively, the export, import-competing and nontradeables sectors. Once again, the tradeable goods sectors face given world prices. The economy still has the same Ricardo-Viner structure, as above. First, under the assumption that labour is mobile across all sectors, the WSC is trivially the same. Secondly, the labour demand side of the economy is readily extended to encompass three sectors rather than two.
The primary concern of the Dutch disease literature is the extent to which a booming sector drains the lagging sector. The issue is somewhat complicated by the presence of a nontradeables sector. Cordon and Neary (1982) note that an improvement in the terms of trade has two effects: a resource movement effect as well as a spending effect. The former effect is the usual reallocation of labour along the economy's transformation frontier. As the price of sector X output rises, this draws labour out of sectors Y and N. The latter effect arises because higher terms of trade raise real income. This effect raises the demand for nontradeables. The price of N relative to tradeable goods rises and this draws labour out of X and Y. Regardless of the impact on the non-tradeables sector, the importables sector shrinks. As mentioned, this deindustrialisation has been the focus of the literature; although as Cordon (1984, p.363) notes, in the case of Australia this could equally mean 'de-agriculturalisation'.
The comparative static results for unemployment arising from the extension of the model to three sectors are given in Proposition 2. The equilibrium wage, labour demand and unemployment are still given by the intersection of the WSC and aggregate labour demand. The main 'novelty' is that the price of non-tradeables is endogenous. The comparative static results for the price of non-tradeables are in the Appendix as they are not central to our main concerns.
Proposition 2 (three-sector model)
7 What is far from straightforward is deciding which industries belong to which sector. For example, Australia both exports and imports automobiles. Rather than export and import-competing sectors, Cordon (1984) refers to booming and lagging sectors. But, obviously this classification has problems of its own with the lagging sector producing both non-boom exportables as well as importable goods. In addition, some outputs are both inputs as well as final goods. Finally, to the extent that imported goods are not perfect substitutes for domestically-produced import-competing goods, then importables have a non-tradeable goods component (and therefore may benefit from a boom). We ignore these issues, but attempt to address these categorisation issues in the empirical work. Proof: See part C of the Appendix.
Once again, improvements in the terms of trade lower the equilibrium unemployment rate. Increases in either export prices or the capital stock in the tradeable goods industries result in higher total employment in the economy, i.e., the equilibrium rate of unemployment is lower. Given a positively-sloped WSC, an increase in aggregate labour demand, not only causes the equilibrium wage rate to be higher, but more importantly, the equilibrium unemployment rate to be lower. Interestingly, an increase in the capital stock in the non-tradeables sector does not necessarily reduce unemployment. The expansion of employment in the non-tradeables sector comes at the expense of employment in the tradeable goods sectors.
Other considerations.
In this sub-section, we briefly consider two issues related to the above discussion. First, we discuss the relationship between the Phillips curve literature and the model presented here. Secondly, we consider the longer-term implications of the model, in particular, the consequences of weakening the capital-specificity assumption.
Relation to the Phillips curve literature.
The empirical literature on the Phillips curve is enormous. Estimation normally involves regressing, with varying degrees of statistical sophistication, a measure of wage or price inflation on the unemployment rate. The overall focus of the studies has essentially been two-fold. Foremost has been to determine whether there is any evidence of a unique equilibrium rate of unemployment or whether unemployment displays evidence of hysteresis, i.e., whether (or not) demand-side influences, such as government spending, can affect the unemployment rate more than temporarily. Secondly, has been to ascertain whether supply-side and institutional factors, such as unemployment benefits or the benefit replacement rate, affect the equilibrium unemployment rate.
To our knowledge, there are no empirical studies of the effects of the terms of trade on unemployment. 8 While the concern in the present paper is not with the Phillips curve per se, it is related. Interestingly, in Australia the steady decline in the rate of unemployment rate in the past decade or so has coincided with a period of relatively steady rates of price inflation. The latter development has largely been the result of the Reserve Bank of Australia keeping inflation within its fairly tight two to three per cent target range for inflation. Taken by itself, this suggests that a Phillips curve with a constant natural rate does not exist. This provides further justification for the model developed in this paper.
The long-run and capital mobility.
In our model, improved terms of trade increase labour demand, raise the nominal wage and lower unemployment. In the Heckscher-Ohlin model, changes in the terms of trade only affect factor prices. In the model developed here, there is unemployed labour. Hence, higher export prices affect unemployment and the returns to factors in the long-run.
Regardless of the bargaining protocol considered, capital owners are the residual claimants. Notwithstanding, with higher terms of trade, the return to capital owners in sector X rises and the return to capital in sector Y falls. In the long-run, capital flows from sector Y to sector X. Therefore, there is a secondary or indirect impact on unemployment due to higher export prices. The movement of capital serves to boost the marginal productivity of labour in sector X even further, while the marginal productivity of sector Y labour falls. The demand for labour rises in sector X and falls in sector Y. The impact on total labour demand of this movement in capital in the long-run is therefore indeterminate and depends among other things on the elasticity of labour demand and the factor intensities in the two sectors. 9
Moreover, in the case of international capital mobility, capital flows into the export sector, i.e., the capital stock increases in response to the higher real return on capital. According to the Rybczynski theorem, the output of the relatively capital-intensive sector (in Australia's case, sector X) increases even more, but the output of the labour-intensive manufacturing sector falls even further. However, the impact on wages of this effect is also unknown. In the long-run, of course, standard theory maintains the full employment assumption. In this putative case, we expect that the results described to date, while not overturned, to be somewhat attenuated. At this juncture, it seems most appropriate to turn to the empirical work.
Econometric methodology and results

Data description.
Our focus in this section is on the examining the determinants of the long-run rate of unemployment, as suggested by the three-sector model. All estimation is carried out using annual data for Australia for the period from 1960 to 2008. The data sources are described in detail in Appendix table A1 and the descriptive statistics appear in table 1. All data are publicly available. The choice of variables is motivated by the theory described in the previous section. As for the definitions of the sectoral capital stocks, X K is mining, Y K is manufacturing plus agriculture and N K is the capital stock for all other sectors; this roughly accords with Cordon's (1984) booming versus lagging sector categories. Alternatively, we also define X K as mining plus agriculture, Y K for manufacturing and N K for the capital stock in all other sectors, which accords with a more 'usual' export versus import sector distinction.
- Table 1 hereImmediately apparent is the enormous expansion of the mining sector in the last half century; the investment and subsequent growth of the capital stock easily dwarfs the growth in all other sectors of the economy. A visual impression of some of the other key data is given in figure 1 . The terms of trade, ToT, measured as the ratio of the implicit price deflator of exports of goods and services to the implicit price deflator of imports of goods and services, captures the dependence on overseas economic developments and the economic dimension of growing integration with countries such as China. While industrial country protectionists fret about China's impact on the world prices of manufactures, even more pronounced is China's impact on the price of energy and resources. For countries, like Australia, the consequence is extraordinarily high terms of trade. The rising terms of trade are predicted to result in a movement of labour from manufacturing to primary industries.
- Figure 1 hereWe use Union as our proxy for union bargaining power, λ, and BRR as our measure of unemployment benefits generosity. There has been an enormous surge in the terms of trade since the year 2000 and this period also coincided with falling unionisation. However, unionisation peaked at nearly one half of the labour force in 1963 and has fallen since; deunionisation accelerated after 1986. In addition, the unemployment benefit replacement ratio, after peaking in 1993, has been steadily declining. Coincidentally perhaps, 1993 has the highest unemployment rate in our data set; the unemployment rate (denoted as UR) has fallen almost every year since that date. There is an obvious up-tick in the unemployment rate just prior to the onset of the GFC in 2008. We also include Inflation in order to examine the presence of a Phillips curve relationship and to gauge the robustness of estimates of the baseline model specification.
We now turn to the econometric estimates of the models of unemployment described in section 2.
Unit roots.
It is well known that the data generating process for most macroeconomic time series are characterised by unit roots, which rules out the use of standard econometric methods. Therefore, it is important to analyse the time series properties of the data in order to avoid spurious results generated by unbounded variances of parameter estimates due to the presence of unit roots. The three most commonly used unit root tests are applied here, i.e., the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-PhillipsSchmidt-Shin (KPSS) unit root tests, on the relevant variables in order to ensure the robustness of the test results. What distinguishes the tests is that the null hypothesis for the ADF and PP is the alternative hypothesis for the KPSS. That is, while the former (ADF and PP) are derived under the null hypothesis of unit roots the latter (KPSS) is obtained under the stationary null hypothesis. The results reported in table 2 show that all variables except Inflation are non-stationary at the five per cent level of significance. The non-rejection of the unit root hypothesis leads to testing for the second unit root, i.e., a unit root in first differences. The test results in first differences are also reported in table 2. The results indicate that Inflation is I(0) and all the other series are I(1). The results based on the stationary alternative (ADF and PP) and non-stationary alternative (KPSS) in our exercise ensure that the results are robust and are unaffected by the weak power of standard unit root test procedures.
- Table 2 here -
Co-integration:
In order to examine the existence of a long-run relationship between the variables in the theory discussed in section 2, we test for co-integration among them. For the
Since all the variables (other than Inflation) are non-stationary, the linear combination of one or more of these series may have a long-run relationship. The multivariate co-integration test based on the Johansen and Juselius (1990) method is used to test for these relationships. Accordingly, we estimate the following n-variate, p th -order Gaussian vector autoregression (VAR) process
where µ is a vector of constants, t D is an intercept dummy and t ε is a normally and independently distributed n-dimensional vector of innovations with zero mean and non-singular covariance matrix. The optimal lag length p (= 2) is determined by the Schwartz criterion. As noted above, we consider different specifications for t z to examine the robustness of our results.
Since each component of t z (except Inflation) is I(1), we rewrite equation (11) in vector error correction (VEC) form
. The long-run n×n matrix ' αβ = Π determines how many independent linear combinations of the elements of t z are stationary. Here α and β are r n × matrices with rank r (0 < r < n). The rank of Π gives the number of independent co-integrating vectors and can be formally tested using the trace test and the maximum eigen value test.
The trace statistic tests the null hypothesis that q r H o = : against the alternative that r > q and is given by
where the
The trace λ statistic sequentially tests the null hypothesis that the number of co-integrating vectors is at most q against the alternative that the number of co-integrating vectors is more than q, where n q ,..., 2 , 1 = .
The maximum eigen value statistic tests the null hypothesis that q r H o = : against the alternative that r = q + 1 and is given by
The max λ statistic tests the null hypothesis that the number of co-integrating vectors is equal to q against the alternative that the number of co-integrating vectors is q + 1.
The results of the trace test and the maximum eigen value test are reported in table 3. 10 The results based on the Johansen-Juselius procedure for the models with Inflation indicate that the null of r = 0 (i.e., no co-integrating relationship) and r = 1 (i.e., one co-integrating relationship) are rejected at the five per cent level of significance. The sequential testing fails to reject the null hypothesis that the number of co-integrating vectors is at most two at the five per cent level of significance. This indicates that the stationary variable Inflation alone forms a trivial co-integrating vector while all the other variables form another co-integrating vector. On the other hand, for the models without Inflation the null of r = 0 (i.e., no co-integrating relationship) is rejected at the five per cent level of significance. Sequential testing fails to reject the null hypothesis that the number of co-integrating vectors is at most one at the five per cent level of significance. The results strongly suggest the existence of a long-run relationship between the variables of interest.
- Table 3 
are vectors of endogenous and lagged endogenous variables, respectively. The long-run relationship between UR and the other variables is established through the statistical significance of the β coefficients along with the statistical significance of 11 α . For example, the effect of ToT on UR is established through the statistical significance of 2 β . In order to establish the genuine long-run causal relationship from any variable to UR requires the speed of adjustment 11 α to be negative in the UR ∆ equation. On the other hand, the short-run relationship between the variables is established through the components γ of Γ .
Since our concern is with the determinants of the unemployment rate, we only report the results for the UR equation. 13
The reduced form results.
The results are reported in table 4. We find that the parameters representing the short-run dynamic effects, other than the own lag and the error correction terms, are statistically insignificant (even at the ten per cent level). Hence, we present the results for the β's (i.e., the long-run relationships), error correction terms, 11 α and 21 α , and the coefficient corresponding to 1 − ∆ t UR .
- Table 4 here -
The results show that the variables of interest affect the unemployment rate in the long-run, but not in the short-run. It is possible that a failure to find any short-run relationship from any of the variables to unemployment could be due to an aggregation problem. Marcellino (1999) and Rajaguru and Abeysinghe (2008) also show that temporally aggregated data (e.g., such as those involving annual frequencies) in a co-integrated system may lead to misleading short-run causal information between the variables. In particular, the short-run information disappears due to temporal aggregation and any information is funnelled through the long-run contemporaneous relationship between the variables. In turn, this may create misleading long-run relationships between the variables. However, Rajaguru and Abeysinghe (2008) show that the genuine long-run causal relationship between the variables can be established, even with highly aggregated data, when the error correction term appears with the correct sign; in our case, negative for the unemployment rate equation. We find negative and significant estimates for the error correction term in the unemployment rate equation. Hence, the long-run results are unaffected by any spurious causal relationship arising from temporally aggregated or systematically sampled data.
In table 4, the baseline model suggested by the theory appears in column (1). Column (2) contains the results from the same model which is re-estimated by including Inflation. We make this inclusion in order to examine the robustness of the baseline specification in the previous column. The estimates using the alternative capital stock classification is reported in column (3). In column (4), we present the results of re-estimating the models when the log of the labour force (LLF) is excluded. This exclusion is made due to a concern that this variable could be spuriously related to the denominator of the unemployment rate and could therefore be affecting the results. Finally, in column (5) we use the disaggregated price series (i.e., by replacing ToT with the separate prices of exports and imports in the regression model). 14 The multivariate normality test shows that the errors are normally distributed at a five per cent level of significance. In addition, there is no statistically significant evidence of any autocorrelation, at either one or two lags.
To understand the specifics of what the results show, consider the baseline specification 13 The complete set of results is available from the authors by request.
14 In addition, we estimate equation (15) 15 The positive sign on the political dummy reveals that the Labor government has presided during periods of higher unemployment.
An interesting feature of the results is that capital accumulation in the tradeable goods sector is, as predicted by the three-sector model, far more important than capital accumulation in the non-tradeable goods sector for lowering the rate of unemployment. In other words, capital accumulation in the services sector (which includes the government sector) is not particularly useful in lowering unemployment. As for the labour force, the immigration intake due to the mining boom soared. Together with the native-born increase, the growth in the labour force has been about two per cent annually since the year 2000. We find that this growth has lowered the unemployment rate by just less than 0.6 percentage points (i.e., -29.81*0.02).
In column (2) we further control for the inflation rate in order to allow for a potential Phillips curve trade-off relationship. If there is in fact such a relationship, the estimated coefficient of Inflation "should" be negative. The coefficient is negative, but statistically insignificant, i.e., there is no evidence that inflation lowers unemployment. As mentioned, given the targeting of the inflation rate within a narrow band by the Reserve Bank of Australia and the large falls in the unemployment rate in the last decade and a half, this result was expected. Column (3) contains estimates of the baseline model, with an alternative definition of the capital stock for sectors X and Y. Once again, the results are robust. The result for ToT is somewhat smaller, that for BRR is identical and that for the labour force is still negative, but statistically insignificant. Likewise, in column (4) the results are clearly not driven by any lock-step correlation between the log of the labour force and the denominator of the unemployment rate statistic. 16 Finally, the results using the unrestricted prices in column (5) are extremely 15 For the three-sector model, the standardised beta coefficients for the significant variables are: ToT -0.49; LK_mining -0.32; LK_manuf_agr -0.44; Union 0.11; BRR 0.53; and LLF -0.30. 16 We also estimated VEC models for labour force participation (LFP). One possible caveat concerning the "good news" about a falling unemployment rate is that this may conceal the fact that LFP is also falling. For example, while lower unemployment benefits may lower the unemployment rate, they may also encourage labour force withdrawal and a lower LFP. 
)). With China now being
Australia's number one export market and its second ranked source of imports, it is tempting to conclude that this effect captures the "China effect" on the rate of unemployment.
The structural model:
The following empirical model addresses the theoretical model developed in section 2 more explicitly. In particular, the intersection of the WSC (i.e., equation (10)) and the aggregate labour demand schedule determines the equilibrium unemployment rate. We estimate the following model (derived as equations (A16) and (A22) in part C of the Appendix),
where, taking note of the cross-coefficient restrictions,
. Some of the expressions are directly estimated using data are related as follows:
. Aggregate labour demand is the sum of the labour demand in each sector, i.e.,
represents the share of consumption expenditure on non-tradeables.
While B A can be directly estimated using the data, the other components are functions of labour and capital in the respective sectors, i.e., ) , (
N are the derivatives with respect to the first and second elements of X, Y and N, respectively. We assume functional forms to estimate the structural equations above rather than treating these functions as parameters. For production in sector X:
is the inverse of the elasticity of labour demand. Since there are no explicit data for sectoral employment levels, we estimate these
In summary, the parameters that we estimate in our empirical analysis are
and Φ . The models specified by the structural equations do not violate any time series properties as all the variables are I(1) and these variables are considered in differenced form in both equations of (16) 
The average effect of p on UR is found by taking the average of 
where σ denotes the standard deviation of
. In order to examine the sensitivity of our calibrated results, we also report the minimum and maximum values of
for the entire time period. A similar approach is used to calibrate the effect of all other variables on the unemployment rate. 17 Simple functional forms are assumed in order to preserve degrees of freedom. From a theoretical perspective, the only requirement is that production is concave in labour. 18 The precise transformation used is λ = x*0.01*Union + y, where 21 In addition, a further ten per cent fall in the most recent value unionisation (λ) on UR is a statistically significant, albeit economically small, 0.05 percentage points (cf. 0.06 percentage points for the reduced form estimates). The effects of a ten per cent increase in the most recent values of the capital stock in sectors X and Y are respectively, -0.3 and -0.7 percentage points. Once again, while the effect of capital accumulation in the non-tradeables sector is positive, it is statistically insignificant. Overall, the effects are entirely consistent with the reduced form findings. One caveat is that were we to use the median, rather than the mean, values of the coefficient estimates that the effects of ToT and B would be marginally smaller. Notwithstanding, the effects are still economically large. The results in the minimum and maximum columns of panel D also reveal that the coefficient signs are robust, with the exception of those for increases in the labour force and capital accumulation in the non-tradeables sector.
3.6. Overview. The finding on the importance of external trading conditions for unemployment is one of the two most prominent and robust findings in this paper. The result is also consistent with Nickell et al. (2005) , who emphasise the importance of labour demand as well as labour market institutions (particularly, unionisation and the unemployment benefits system) in mediating the effects of shocks to the equilibrium unemployment rate. The other key finding is that reductions in unemployment benefits and the unemployment benefit replacement rate were also significant and robust drivers of the lower unemployment rate. In terms of more liberalised trade policy and trade openness, Davidson and Matusz (2010) note that not only has the theoretical literature yet to reach any firm consensus on how trade impacts the unemployment rate, but that what little empirical evidence exists is limited and contradictory. 22 Hopefully, the findings in this paper start to address this deficit of empirical research.
Conclusion
What determines the equilibrium rate of unemployment? The narrowest interpretation of the natural rate hypothesis suggests that only supply-side influences should be important. In Australia at least, the unemployment rate fell dramatically while its trade relationship with China grew in the decade preceding the GFC. Outwardly, this suggests that the demand for resources and trade have been important drivers of the falling rate of unemployment. We have examined this proposition by developing a model with a booming external sector and a lagging manufacturing sector. This has a precedent in the large Dutch disease literature for countries with a dominant and growing exporting sector and a shrinking manufacturing sector. Both of these features are evident for Australia.
The focus in this paper has been squarely on unemployment. Traditional trade models, as well as the Dutch disease literature, assume away unemployment (or in the latter case, if it is treated at all, it is done so in an ad hoc manner by assuming that wages are fixed). In this paper, unemployment results because of firm-union bargaining. In fact, all of the most familiar models of bargaining imply that wages are simply a mark-up over reservation wages. While this is a far from novel insight, we show how this is an important building block for understanding why wages and unemployment are inversely related. It also makes it transparent how the demand-side, and international trade, can influence the equilibrium rate of unemployment. As Nickell et al. (2005, p.22 ) note "unemployment is always determined by (long-run shifts in) aggregate demand". Our model predicts that a sustained improvement in the terms of trade will lower the equilibrium rate of unemployment.
Using data for Australia for the period 1960-2008, vector error correction model estimates indicated that a lower rate of unionisation, a lower unemployment benefit replacement rate and capital accumulation, particularly in the tradeables industries, reduce unemployment. Requiring more future research was the finding that capital accumulation in tradeable goods 22 One published study is Dutt et al. (2009) which uses cross-country panel data on unemployment and trade policy and finds that greater openness leads to more unemployment in the short run, but to a reduction in steady-state unemployment. Their latter finding is certainly consistent with our findings. On the other hand, we find no short-run deleterious effect of changes in the terms of trade on equilibrium unemployment. Our results are consistent with those of Felbermayr et al. (2009) which presents "overwhelming evidence" that higher trade openness is causally associated with a lower structural rate of unemployment.
industries had a far stronger beneficial impact on reducing unemployment than did capital accumulation in the non-tradeable and services sector of the economy.
Most importantly, we found strong evidence that higher terms of trade lower the equilibrium rate of unemployment. Specifically, rising export prices have been an important factor driving reductions in the rate of unemployment. Interestingly, so too have falling import prices. These effects underscore the importance of Australia's growing trade exposure to China for improvements in its domestic labour market and for falls in its rate of unemployment.
All of the reduced form findings were validated by our structural equation estimates. The structural model used a combination of maximum likelihood estimation and calibration. Once again, the findings for the terms of trade and unemployment benefits were the most robust and strongest of the findings.
A. Alternative bargaining models
There are two cases of equation (4). In the 'normal' case, m is assumed to be sufficiently high so that all workers have a probability of being unemployed equal to (m -l)/m. When m l ≥ , however, all union members are employed. In this case, the union is completely wageoriented and maximises mU (w) .
i.e., labour is employed until its marginal revenue product equals the wage. The wage equals
Since ϕ η > , the negotiated wage is some multiple of the reservation wage (albeit, a larger multiple compared to the case when l < m). 23 In fact, the wage is a multiple of the reservation wage regardless of whether bargaining is efficient or whether unions negotiate over wages alone. For example, in the right-to-manage model, the union maximises its utility subject to w l = π . It is straightforward to show that 
B. Proof of Proposition 1
Assuming I identical firms in sector X and I' identical firms in sector Y, the sectoral employment of the factors as well as production of each good is 
where an over-scored variable denotes it being in fixed supply. Next, rewrite equation (10) as
From equation (A3), we have
Now define the following inverse functions that are used to isolate sectoral labour demand: 
The graph of the function on the left-hand side is the 45 degree line whereas the function on the right-hand side is always positive, monotonically decreasing and converges to zero. This guarantees the existence of an interior solution L* that solves equation (A6). Therefore, we can write total labour demand as
Using equation (A4) we have
This can be simplified as
. 24 ▪
C. Proof of Proposition 2
We proceed as for the proof of Proposition 1. First, we have 
Totally differentiate to obtain
Rearranging equation (A14) gives
where 0 1
24 We ignore here the indirect impact of p on λ. While the impact of higher product prices is to raise employment, there is a well-known wage indeterminacy with respect to higher product prices (see Gaston and Trefler, 1995, e.g.) . However, the wage is higher the greater is union bargaining strength and the better is the reservation alternative wage. Moreover, higher prices unambiguously benefit the union and the firm. Finally, note that in the case of an iso-elastic labour demand schedule (e.g., when the underlying technology is Cobb-Douglas), there is no impact on the elasticity of labour demand and no effect on λ in the right-to-manage model.
Consumers derive utility from non-tradeable services and tradeable goods. Utility is assumed to take the Cobb-Douglas form
where the tradeable good is a composite commodity. For a small country, exportables and importables represent a group of goods whose relative prices are given and can thus be treated as one commodity, i.e., Y pX t + = (see Carter, 1995) . The relative demand for non-tradeables is
where )
The equilibrium relative price of non-tradeables is determined by the equality of relative demand and relative supply, i.e.,
Collecting common terms, we have
where 0
, then the effect of higher values of the first three variables is to increase unemployment, i.e., parts b) and c) of Proposition 2. However, an increase in N K has an indeterminate effect on unemployment, i.e., part d) of Proposition 2.
The indeterminacy with respect to the other three variables (part e)) is due to the fact that the relative demand for labour in the non-tradeables sector may increase or decrease. For example, while an increase in B raises the wage in all sectors, it is not obvious whether the tradeables sector or the non-tradeables sector is more adversely affected. Hence, the relative price of non-tradeables could rise or fall. However, unless Φ is miniscule (i.e., the demand for non-tradeables is negligible), then the comparative static results of higher values of these variables on unemployment are as described in Proposition 1. ▪ (ii) KPSS test: ***, **, * indicates the rejection of null of stationarity at 1%, 5% and 10% level of significance, respectively. 
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